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SEMICONDUCTOR STORAGE DEVICE

CROSS REFERENCE TO RELATED
APPLICATIONS

This application is a continuation of U.S. patent applica-
tion Ser. No. 14/316,380, filed on Jun. 26, 2014, which is a
continuation of U.S. patent application Ser. No. 13/970,421,
filed on Aug. 19, 2013, which is a continuation of U.S. patent
application Ser. No. 13/420,106, filed on Mar. 14, 2012,
which is based upon and claims the benefit of priority from
the prior Japanese Patent Application No. 2011-104451, filed
on May 9, 2011; the entire contents of these applications are
incorporated herein by reference.

FIELD

The embodiments of the present invention relate to a semi-
conductor storage device.

BACKGROUND

A magnetic random access memory (MRAM) is a type of
aresistance change memory. As techniques for writing datato
the MRAM, magnetic field writing and spin-transfer torque
writing have been known. Among these techniques, the spin-
transfer torque writing has advantages in higher integration,
lower power consumption, and higher performance because
of the property of a spin-transfer torque device that a smaller
amount of a spin injection current is necessary for magneti-
zation reversal as the size of magnetic bodies becomes
smaller.

A spin-transfer torque MTJ (Magnetic Tunnel Junction)
element has a stacked structure in which a nonmagnetic bar-
rier layer (an insulating thin film) is sandwiched between two
ferromagnetic layers, and stores data by a change in a mag-
netic resistance caused by spin-polarized tunneling. The MTJ
element can be switched into a low resistance state or a high
resistance state depending on the magnetization orientations
of'the two ferromagnetic layers. The MTJ element is in a low
resistance state when the magnetization orientations (spin
directions) of the two ferromagnetic layers are in a parallel
state (a P state), and in a high resistance state when the
magnetization orientations (spin directions) thereof are in an
anti parallel state (an AP state).

It is desired to downscale the MRAM like a DRAM. If the
MT]J elements are not arranged equidistantly, that is, if the
MT]J elements are not arranged uniformly in a plan layout,
variations in the shape and size of the MTJ element occur
among memory cells. The variations in the shape and size of
the MT1J element lead to a variation in a signal read from each
memory cell. Furthermore, if the MTJ elements are not
arranged uniformly, the MTJ elements are adjacent to one
another at different distances. As a result, if the distances
between the MTJ elements are to be reduced for downscaling
purposes, it is disadvantageously difficult to process the MTJ
elements.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 is a block diagram showing a configuration of an
MRAM according to a first embodiment;

FIG. 2 is an explanatory diagram showing the data writing
operation for writing data to one memory cell MC according
to the first embodiment;

FIG. 3 is aplan layout view of the MRAM according to the
first embodiment;
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FIG. 4 is a cross-sectional view taken along a line 4-4 of
FIG. 3,

FIG. 5 is a cross-sectional view taken along a line 5-5 of
FIG. 3,

FIG. 6 is a plan view of the active areas AA and the gate
electrodes GC according to the first embodiment;

FIG. 7 is a plan layout view of an MRAM according to a
second embodiment;

FIG. 8 is a cross-sectional view taken along a line 8-8 of
FIG. 7,

FIG. 9 is a cross-sectional view taken along a line 9-9 of
FIG. 7; and

FIG. 10 is a plan view of the active areas AA and the gate
electrodes GC according to the second embodiment.

DETAILED DESCRIPTION

A semiconductor storage device according to the present
embodiment comprises a semiconductor substrate. A plural-
ity of magnetic tunnel junction elements are provided above
the semiconductor substrate. Each of the magnetic tunnel
junction elements stores data by a change in a resistance state,
and the data is rewritable by a current. A plurality of cell
transistors are provided on the semiconductor substrate. Each
of'the cell transistors is in a conductive state when the current
is applied to the corresponding magnetic tunnel junction ele-
ment. A plurality of gate electrodes are included in the respec-
tive cell transistors. Each of the gate electrodes controls the
conductive state of the corresponding cell transistor. In a
plurality of active areas, the cell transistors are provided, and
the active areas extend in an extending direction of intersect-
ing the gate electrodes at an angle of (90-atan('4)) degrees.

Embodiments will now be explained with reference to the
accompanying drawings.

First Embodiment

FIG. 1 is a block diagram showing a configuration of an
MRAM according to a first embodiment. A plurality of
memory cells MC are arranged two-dimensionally in a
memory cell array 11. Each memory cell MC includes an
MT] element and a cell transistor CT, as shown in FIG. 2 to be
described later. The MTJ element is a magnetic tunnel junc-
tion element that stores data by a change in a resistance state,
and data stored in the MTJ element is rewritable by a current.
The cell transistor CT is provided to correspond to one MTJ
element and configured to set in a conductive state when a
current is applied to the corresponding MTJ element.

A plurality of word lines WL are arranged in a row direc-
tion and a plurality of bit lines BL. are arranged to in a column
direction. The word lines WL and the bit lines BL are
arranged to intersect one another. Two adjacent bit lines BL.
are paired, and the memory cells MC are provided to corre-
spond to intersections between the word lines WL and paired
bit lines (a first bit line BL.1 and a second bit line BL2, for
example), respectively. The MTJ element and the cell tran-
sistor CT of each memory cell MC are connected in series
between the paired bit lines BL (BL1 and BL2, for example).
A gate of the cell transistor CT is connected to one word line
WL.

Sense amplifiers 12 and a write driver 22 are arranged on
each side of the memory cell array 11 in the bit line direction,
that is, the column direction. The sense amplifiers 12 are
connected to the corresponding bit lines BL, respectively.
Each of the sense amplifiers 12 senses a current flowing to the
memory cell MC connected to a selected word line WL,
thereby reading data stored in the memory cell MC. The write
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driver 22 is connected to the bit lines BL, and writes data to
the memory cell MC connected to the selected word line WL
by applying the current to the memory cell MC.

A row decoder 13 and a word line driver 21 are arranged on
each side of the memory cell array 11 in the word line direc-
tion, that is, the row direction. The word line driver 21 is
connected to the word lines WL and configured to apply a
voltage to the selected word line WL during a data reading or
data writing operation.

The sense amplifier 12 or write driver 22 transmits and
receives data to and from an external input/output terminal
1/O via a data bus 14 and an 1/O buffer 15.

For example, various external control signals, a chip enable
signal/CE, an address latch enable signal ALE, a command
latch enable signal CLE, a write enable signal/WE, and a read
enable signal/RE are input to a controller 16. The controller
16 identifies an address Add and a command Com supplied
from the input/output terminal I/O on the basis of these con-
trol signals. The controller 16 transfers the address Add to the
row decoder 13 and a column decoder 18 via an address
register 17. In addition, the controller 16 decodes the com-
mand Com. Each sense amplifier 12 is configured to be able
to apply a voltage to the corresponding bit line BL in response
to a column address decoded by the column decoder 18. The
word line driver 21 is configured to be able to apply a voltage
to the selected word line WL in response to a row address
decoded by the row decoder 13.

The controller 16 controls sequences of the data reading
operation, the data writing operation, and a data erasing
operation in response to the external control signals and com-
mands. An internal voltage generator 19 is provided to gen-
erate internal voltages necessary for operations (such as a
voltage stepped up from a power supply voltage). This inter-
nal voltage generator 19 performs a boosting operation and
generates the necessary voltages under the control of the
controller 16.

FIG. 2 is an explanatory diagram showing the data writing
operation for writing data to one memory cell MC according
to the first embodiment. The MTJ element of the memory cell
MC according to the first embodiment is connected to the bit
line BL2. The MTIJ element that uses the TMR (tunneling
magnetoresistive) effect has a stacked structure in which a
nonmagnetic layer (a tunnel insulating film) B is sandwiched
between two ferromagnetic layers F and P. The MTJ element
stores digital data by the change in a magnetic resistance due
to the spin-polarized tunneling. The MTJ element can be set
in a low resistance state or a high resistance state depending
on magnetization orientations of the two ferromagnetic layers
F and P. For example, if it is defined that the low resistance
state indicates data “0” and that the high resistance state
indicates data “1”, one-bit data can be recorded in the MT]J
element. Alternatively, it can be defined that the low resis-
tance state indicates data “1” and that the high resistance state
indicates data “0”.

For example, the MTJ element is configured to stack a
pinned layer P, a tunnel barrier layer B, and a recording layer
(afreelayer) F from bottom up in this order. The pinned layer
P and the free layer F are made of ferromagnetic bodies and
the tunnel barrier layer B is an insulating film (made of AL,O4
or MgO, for example). The pinned layer P has a fixed mag-
netization orientation. The free layer F has a variable magne-
tization orientation. The MTJ element stores data depending
on the magnetization orientation of the free layer F.

During the data writing operation, a current flows to the
MT]J element in a direction of an arrow Al. In this case, the
magnetization orientation of the free layer F is anti parallel (in
the AP state) to that of the pinned layer P, whereby the MTJ
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element is in the high resistance state (data “1”). During the
data writing operation, a current flows to the MTJ element in
a direction of an arrow A2. In this case, the magnetization
orientation of the free layer F is parallel (in the P state) to that
of'the pinned layer P, whereby the MTJ element is in the low
resistance state (data “0”). In this way, different data can be
written to the MTJ element depending on a current flow
direction.

FIG. 3 is a plan layout view of the MRAM according to the
firstembodiment. FIG. 4 is a cross-sectional view taken along
a line 4-4 (an active area AA) of FIG. 3. FIG. 5 is a cross-
sectional view taken along a line 5-5 (the row direction) of
FIG. 3.

As shown in FIG. 3, it is assumed that an extending direc-
tion of gate electrodes GC is the row direction (first direction),
and that a direction substantially orthogonal to the row direc-
tion is the column direction (second direction). The bit lines
BL extend in the column direction.

As shown in FIGS. 4 and 5, the MRAM according to the
first embodiment is formed on a semiconductor substrate 10.
Active areas AA and element isolation regions STI (Shallow
Trench Isolation) are alternately formed on the semiconduc-
tor substrate 10. The cell transistors CT are formed in the
active areas AA. As shown in FIG. 4, each of the cell transis-
tors CT includes the gate electrode GC buried in the semi-
conductor substrate 10, and also includes an N+ source dif-
fusion layer S (hereinafter, also “source S) and an N+ drain
diffusionlayer D (hereinafter, also “drain D”’) on both sides of
the gate electrode GC, respectively. The gate electrode GC is
isolated from the semiconductor substrate 10 and first and
second wirings M1 and M2.

The two cell transistors CT are formed in the same active
area AA, and share the source S or drain D therebetween. It is
assumed here that the two cell transistors CT share the source
S.

The source S common to the two cell transistors CT is
connected to the first wiring M1 that is formed out of a first
metal wiring layer via a contact plug CB. The first wiring M1
is connected to the bit line BL.2 (or a source line).

The drain D of each cell transistor CT is electrically con-
nected to a lower end (for example, the pinned layer P) of one
MT]J element via a via contact V0.

An upper end (for example, the free layer F) of the MTJ
element is connected to an upper electrode UE. As shown in
FIG. 5, the upper ends of the two MTJ elements adjacent in
the row direction are connected to one common upper elec-
trode UE, and the upper electrode UE is connected to the
second wiring M2 that is formed out of a second metal wiring
layer. The second wiring M2 is connected to the bit line BL.1.

An ILD (Inter-Layer Dielectric) is an interlayer dielectric
film for isolating the wirings from one another.

In FIG. 3, the cell transistors CT are provided at intersec-
tions between the gate electrodes GC and the active areas AA,
respectively. The two cell transistors CT are provided for one
active area AA. Each MTIJ element is provided on one via
contact V0 between the contact plug CB and the upper elec-
trode UE in a plan layout. The two MTJ elements are formed
to overlap with both ends of the active area AA, and connected
to the common source S via the corresponding cell transistors
CT, respectively. One MTJ element and one cell transistor CT
constitute one memory cell MC. That is, the active areas AA
are separated to correspond to pairs of cell transistors CT
(pairs of the memory cells MC) in an extending direction of
the active areas AA, respectively, and the two memory cells
MC are provided in each active area AA.

As shown in FIG. 3, one memory cell MC is formed into a
substantially L-shape. The size of a unit cell UC of the



US 9,064,792 B2

5

MRAM according to the first embodiment is as small as 6 F>
(3 Fx2 F). Therefore, the MRAM according to the first
embodiment can be used in place of the DRAM.

Furthermore, the MRAM can be used in place of an
EEPROM because the MRAM is a nonvolatile memory. The
symbol F indicates a minimum feature size when using
lithography and etching.

In the data writing or data reading operation, the gate
electrode GC (the word line WL) corresponding to one cer-
tain memory cell MC is driven so as to select the certain
memory cell MC. A plurality of cell transistors CT connected
to the selected word line WL and arranged in the row direction
thereby become conductive. By applying a voltage difference
to the paired bit lines BL.1 and BL.2 in one certain column, the
memory cell MC corresponding to the intersections between
the selected word line WL and the selected paired bit lines
BL1 and BL2 can be selected, and a current can flow to the
MT]J element of the selected memory cell MC via the cell
transistor CT.

FIG. 6 is a plan view of the active areas AA and the gate
electrodes GC (the word lines WL) according to the first
embodiment. The active areas AA according to the first
embodiment extend in the direction of intersecting the gate
electrodes GC at an angle of (90-atan('5)) degrees. That is,
the active areas AA are inclined at an angle of about 71.565
degrees with respect to the row direction. To put it another
way, the active areas AA are inclined at an angle of about
18.435 degrees with respect to the column direction.

Furthermore, in the first embodiment, a width of each gate
electrode GC (the word line WL) or a distance between the
two adjacent gate electrodes GC (the word lines WL) in the
column direction is three-seconds or two-thirds of a width of
each active area AA or a distance between the two adjacent
active areas AA in the row direction.

The width of each gate electrode GC or the distance
between the two adjacent gate electrodes GC in the column
direction is about 34.8 nm, for example. The width of each
active area AA or the distance between the two adjacent active
areas AA is about 21.923 nm, for example. The active areas
AA are inclined at the angle of atan('/4) degrees (about 18.435
degrees) with respect to the column direction. Therefore, the
width of each active area AA or the distance between the two
adjacent active areas AA in the row direction is about 23.2
nm. Therefore, in this case, the width of each gate electrode
GC or the distance between the two adjacent gate electrodes
GC in the column direction is three-seconds of the width of
each active area AA or the distance between the two adjacent
active areas AA in the row direction.

Because the pitch of the bit lines BL is according to 1.5
times as large as that of the active areas AA, the ratio of the
pitch of the bitlines BL. (column) to that of the word lines WL
(row) is 1:1.

On the other hand, the ratio of line and space of the active
areas AA to those of the gate electrodes GC (the word lines
WL) is 2:3.

In this way, the active areas AA are inclined at the angle of
(90-atan(*/4)) degrees with respect to the row direction and the
ratio of the pitch of the active areas A to that of the gate
electrodes GC (the word lines WL) is set to 2:3. The MTJ
elements can be thereby arranged equidistantly (at an equal
pitch) in the row and column direction as shown in FIG. 3. In
the specific example described above, the distance between
the two adjacent MTJ elements in the row or column direction
is about 69.6 nm.

In this way, the equidistant arrangement of the MTJ ele-
ments in the row and column directions in the plan layout can
suppress the variations in the shape and size of the MTJ
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6

element (process variations) in an MRAM manufacturing
process. The equidistant arrangement of the MTJ elements in
the row and column directions can also facilitate processing
the MTJ elements by the lithography and etching in the
MRAM manufacturing process.

Furthermore, the MTJ elements are provided to correspond
to all the intersections between a plurality of rows and a
plurality of columns, respectively. Therefore, at the time of
etching the MTJ elements, the MTJ elements can be pro-
cessed using a plurality of sidewalls formed in the row and
column directions as a mask. This enables the MTJ elements
to be formed without using the lithography. As a result, the
MRAM manufacturing process can be reduced. The side-
walls can be formed narrower than the minimum feature size
F. Therefore, by using this sidewall mask processing tech-
nique, the MTJ elements can be further downscaled.

Second Embodiment

FIG. 7 is a plan layout view of an MRAM according to a
second embodiment. FIG. 8 is a cross-sectional view taken
along a line 8-8 (the active area AA) of FIG. 7. FIG. 9 is a
cross-sectional view taken along a line 9-9 (the row direction)
of FIG. 7.

In the second embodiment, the active areas AA are not
separated in the extending direction but extend continuously.
The active areas AA extend in the direction of intersecting the
row direction at an angle of (90-atan('2)) degrees (about
63.435 degrees). Furthermore, in the second embodiment, the
width of each gate electrode GC (the word line WL) or the
distance between the two adjacent gate electrodes GC (the
word lines WL) is a half or twice as large as the width of each
active area or the distance between the two adjacent active
areas.

The second embodiment is explained in more detail.

As shown in FIGS. 8 and 9, the MRAM according to the
second embodiment similarly to that according to the first
embodiment is formed on the semiconductor substrate 10.
The active areas AA and the element isolation regions STT are
alternately formed on the semiconductor substrate 10. The
cell transistors CT are formed in the active areas AA. As
shown in FIG. 8, each of the cell transistors CT includes the
gate electrode GC buried in the semiconductor substrate 10,
and also includes the N+ source diffusion layer S and the N+
drain diffusion layer D on the both sides of the gate electrode
GC, respectively. The gate electrode GC is isolated from the
semiconductor substrate 10 and first and second wirings M1
and M2.

A plurality of cell transistors CT are continuously formed
in the same active area AA. As shown in FIG. 8, a dummy gate
electrode DGC is provided on one end of each of the two cell
transistors CT sharing the source S or drain D, and the two cell
transistors CT are substantially isolated from the other cell
transistors CT. Therefore, in the second embodiment, the
active areas AA are separated to correspond to pairs of cell
transistors CT by the dummy gate electrodes DGC although
continuing in the extending direction. Therefore, the two cell
transistors CT sharing the source S shown in FIG. 8 function
similarly to the two cell transistors CT shown in FIG. 4.

The source S common to the two cell transistors CT is
connected to the first wiring M1 extending in the column
direction via the contact plug CB. The first wiring M1 is
connected to the bit line BL2 (or a source line).

The drain D of each cell transistor CT is electrically con-
nected to the lower end (for example, the pinned layer P) of
one MTJ element via the via contact V0.
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The upper end (for example, the free layer F) of the MTJ
element is connected to the second wiring M2. As shown in
FIG. 7, one common second wiring M2 electrically connects
the upper ends of a plurality of MTJ elements arranged in the
column direction to one another. The second wiring M2 is
connected to the bit line BL1.

As shown in FIG. 7, the first wirings M1 do not overlap
with the second wirings M2 in the plan layout, and the first
and second wirings M1 and M2 are provided alternately in the
row direction and extend in the column direction.

Each of the first wirings M1 connects a plurality of contact
plugs CB arranged in the column direction and connected to
the respective sources S to the bit line BL.2 (a source line).
Each of the second wirings M2 connects the upper ends of the
MT] elements arranged in the column direction to the bit line
BL1.

The MRAM according to the second embodiment does not
include the upper electrodes UE. This can reduce the MRAM
manufacturing process.

As shown in FIG. 9, each via contact V0 is electrically
connected to the corresponding active area AA but deviates
from the active area AA to be closer to the element isolation
region STI. Similarly, each MTJ element deviates from the
active area AA to conform to the via contact V0 in the plan
layout. That is, each of the via contacts V0 and the MTJ
elements has an offset with respect to the active area AA. This
offset enables a plurality of MTJ elements to be arranged
linearly in the column direction.

In FIG. 7, the cell transistors CT are provided at the inter-
sections between the gate electrodes GC and the active areas
AA, respectively. The two cell transistors CT are provided
between the two adjacent dummy gate electrodes DGC in one
active area AA. Each MTJ element is provided to overlap with
the second wiring M2 and the via contact V0 in the plan
layout. The two MTJ elements are connected to the common
source S via the corresponding cell transistors CT. One MTJ
element and one cell transistor constitute one memory cell
MC. That is, the two memory cells MC are provided between
the two adjacent dummy gate electrodes DGC in one active
area AA. Therefore, as shown in FIG. 3, one memory cell MC
is formed into a substantially L.-shape. The size of the unit cell
UC of the MRAM according to the second embodiment is as
small as 6 F* (3 Fx2 F). Therefore, the MRAM according to
the second embodiment can be also used in place of the
DRAM.

The data writing or data reading operation according to the
second embodiment are identical to that according to the first
embodiment and therefore explanations thereof will be omit-
ted here.

FIG. 10 is a plan view of the active areas AA and the gate
electrodes GC (the word lines WL) according to the second
embodiment. The active areas AA according to the second
embodiment extend in the direction of intersecting the gate
electrodes GC at an angle of (90-atan('%2)) degrees. That is,
the active areas AA are inclined at an angle of about 63.435
degrees with respect to the row direction. To put it another
way, the active areas AA are inclined at an angle of about
26.565 degrees with respect to the column direction. The
active areas AA are continuous in the extending direction.

Furthermore, in the second embodiment, the width of each
gate electrode GC (the word line WL) or the distance between
the two adjacent gate electrodes GC (the word lines WL) in
the column direction is twice or half as large as the width of
each active area AA or the distance between the two adjacent
active areas AA in the row direction.

The width of each gate electrode GC or the distance
between the two adjacent gate electrodes GC in the column
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direction is about 23.2 nm, for example. The width of each
active area AA or the distance between the two adjacent active
areas AA is about 31.1 nm, for example. The active areas AA
are inclined at the angle of atan(!5) degrees (about 26.565
degrees) with respect to the column direction. Therefore, the
width of each active area AA or the distance between the two
adjacent active areas AA in the row direction is about 34.8
nm. Therefore, in this case, the width of each gate electrode
GC or the distance between the two adjacent gate electrodes
GC in the column direction is two-thirds of the width of each
active area AA or the distance between the two adjacent active
areas AA in the row direction.

Because the pitch of the bit lines BL is according that of the
active areas AA, the ratio of the pitch of the bit lines BL
(column) to that of the word lines WL (row) is 3:2. In other
words, the ratio of line and space of the active arecas AA (the
bit lines BL) to those of the gate electrodes GC (the word lines
WL) is 3:2.

In this way, the active arcas AA are inclined at the angle of
(90-atan(*4)) degrees with respect to the row direction and the
ratio of the pitch of the active areas A (the bit lines BL.) to that
of the gate electrodes GC (the word lines WL ) is set to 3:2.
The MTJ elements can be thereby arranged equidistantly (at
an equal pitch) in the row and column direction as shown in
FIG. 7. In the specific example described above, the distance
between the two adjacent MTJ elements in the row or column
direction is about 69.6 nm.

In this way, the MTJ elements can be arranged equidis-
tantly in the row and column directions in the plan layout.
Furthermore, in the second embodiment like the first embodi-
ment, the MTJ elements are provided to correspond to all the
intersections between a plurality of rows and a plurality of
columns, respectively. Therefore, the second embodiment
can also achieve effects identical to those of the first embodi-
ment.

While certain embodiments have been described, these
embodiments have been presented by way of example only,
and are not intended to limit the scope of the inventions.
Indeed, the novel methods and systems described herein may
be embodied in a variety of other forms; furthermore, various
omissions, substitutions and changes in the form of the meth-
ods and systems described herein may be made without
departing from the spirit of the inventions. The accompanying
claims and their equivalents are intended to cover such forms
or modifications as would fall within the scope and spirit of
the inventions.

The invention claimed is:

1. A semiconductor storage device comprising:

a first word line and a second word line both extending in a
first direction and being adjacent to each other in a
second direction orthogonal to the first direction;

a third word line located adjacent to the second word line
on the opposite side of the second word line with respect
to the first word line, and extending in the first direction
so as to be parallel with the second word line;

afourth word line located adjacent to the third word line on
the opposite side of the third word line with respect to the
second word line, and extending in the first direction so
as to be parallel with the third word line;

afirst active area and a second active area both extending in
a third direction that intersects with the word lines, the
first and second active areas being isolated from each
other by an element isolation area;

a first resistance change element connected to the first
active area through a first via contact provided between
the first and second word lines on the first active area;
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a second resistance change element connected to the first
active area through a second via contact provided
between the third and fourth word lines on the first active
area;

a third resistance change element connected to the second
active area through a third via contact provided between
the first and second word lines on the second active area;
and

afourth resistance change element connected to the second
active area through a fourth via contact provided
between the third and fourth word lines on the second
active area,

wherein a total of a line width of one of the word lines and
a space width between adjacent word lines has a ratio of
about 2:3 to a length of a projected line obtained by
projecting a center line on a line in the second direction,
the center line being connected between centers of the
first and fourth resistance change elements.

2. The device of claim 1, wherein a length of a line con-
nected between centers of the first and fourth resistance
change elements is approximately equal to a length of a line
connected between centers of the first and third resistance
change elements.

3. The device of claim 1, further comprising:

a first contact plug provided between the second and third

word lines on the first active area; and

a first wiring extending in the second direction and electri-
cally connected to the first contact plug.

4. The device of claim 1, further comprising a second
wiring extending in the second direction and commonly con-
nected to the first and fourth resistance change elements.

5. The device of claim 1, wherein the first and fourth word
lines are dummy word lines.

6. The device of claim 1, wherein the resistance change
elements contain a metal oxide material.

7. The device of claim 6, wherein the resistance change
elements are MTJ elements.
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8. A semiconductor storage device comprising:

a plurality of word lines extending in a first direction, the
word lines including a dummy word line for each pair of
active word lines adjacent to each other in a second
direction substantially orthogonal to the first direction;

a plurality of active areas extending in a direction inclined
to the first and second directions, the active areas being
isolated from one another by element isolation areas;

a plurality of via contacts provided between each dummy
word line and active word line on each active area; and

a plurality of resistance change elements electrically con-
nected to the via contacts,

wherein a total of a line width of one of the word lines and
a space width between adjacent word lines has a ratio of
about 2:3 to a length of a projected line obtained by
projecting a center line on a line in the second direction,
the center line being connected between centers of two
of the resistance change elements adjacent to each other
in the second direction.

9. The device of claim 8, wherein a length of a line con-
nected between centers of two of the resistance change ele-
ments adjacent to each other in the first direction is approxi-
mately equal to a length of a line connected between centers
of two of the resistance change elements adjacent to each
other in the second direction.

10. The device of claim 8, further comprising:

a contact plug provided between the active word lines on

each active area; and

a first wiring extending in the second direction and electri-
cally connected to the contact plug.

11. The device of claim 8, further comprising a second
wiring extending in the second direction and commonly con-
nected to the resistance change elements adjacent to each
other in the second direction.

12. The device of claim 8, wherein the resistance change
elements contain a metal oxide material.

13. The device of claim 12, wherein the resistance change
elements are MTJ elements.
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